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(54) A seal arrangement 

(57) A seal for effecting a seal between two compo- 
nents (2,4) to inhibit a flow of fluid, between the two com- 
ponents, in a sealing direction (22) from an upstream 
side (24) of the seal to a downstream side (26) of the 
seal. The downstream side (26) of the seal in use being 
at a lower pressure than the upstream side (26) of the 
seal. The seal comprising a carrier (12) adapted for 
mounting from one of the components (4), and a plurality 
of densely packed resilient strips (6) mounted on the 
carrier (12) to extend therefrom. Each strip (6) having a 



tip (20) which is adapted to wipe on the other component 
(2) to effect a seal thereagainst in the sealing direction 
(22) with the strips (6) arranged substantially parallel to 
the sealing direction (22). The seal being characterised 
in that there is provided a gap (30) between adjacent 
strips to allow the tip portions (20) of the strips (6) to 
move relative to each other and maintain in use aflex'ble 
seal. In order to provide the gap between strips the strips 
can be tapered, bent, or curved. Alternatively a spacer 
strip 7 may provided between strips 6. 



CM 
< 

CD 
LO 

CO 
CO 

o> 

O 

Q. 

LU 



Fig. 5a. 




Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP, 



0933567A2_I_> 



EP 0 933 567 A2 



Description 

[0001] The present invention relates generally to a 
seal arrangement and in particular to improvements to 
leaf seals. s 
[0002] It is frequently necessary to effect a seal in a 
clearance gap between two components that are capa- 
ble of relative movement. In particular seals are often 
required to seal between a rotatable shaft and a housing 
surrounding the shaft the housing having a bore to 
through which the shaft extends. 
[0003] Within a gas turbine engine there are shafts 
that rotate at relatively high speeds and are exposed to 
pressurised hot gases. Seals are required for these 
shafts and the seal performance can have a significant is 
effect on the overall efficiency of the gas turbine engine. 
There are a number of seal designs that have been pro- 
posed for such purposes and that are designed to op- 
erate within the harsh environment found within a gas 
turbine engine. 20 
[0004] One type of seal that has been developed for 
shafts that rotate at relatively high speeds, as found in 
gas turbine engines, is a brush seal. In such a brush 
seal , a plurality of fine bristles (such as bronze or stain- 
less steel wire)are held in a carrier mounted on a nous- 2B 
ing. The tips of the bristles wipe against the shaft so as 
to effect a seal thereagainst. 

[0005] A problem with such brush seals is that in use 
the bristles tend to flex in an axial, sealing direction, 
away from the high pressure side of the seal towards 30 
the low pressure side. Bending of the bristles in this way 
reduces the effective radial length of the bristles and so 
reduces the contact between the bristle tips and the 
shaft. In turn this reduces the sealing efficiency. Addi- 
tionally flexing of the bristles can clamp the bristles 35 
against each other and against a backing member of the 
seal. Friction between the bristles and the backing mem- 
ber stiffens the bristles and prevents free movement of 
the bristles so that they no longer follow the shaft. Ex- 
cursions of the rotating shaft are therefore not accom- 40 
modated by the bristles. This leads to clearance gaps 
opening up between the bristle tips and shaft, and at the 
other extreme increased wear of the bristles, both of 
which reduce the seal performance. 

[0006] An alternative type of seal that has been pro- 45 
posed for gas turbine engines, and also other applica- 
tions, is a leaf seal. Leaf seals, which are sometimes 
called foil seals, comprise a number of thin resilient yet 
flexible strips which are densely packed together with 
the strips substantially aligned in the sealing direction, so 
One end of the strips is held within a housing whilst the 
other, distil end of the strip extends across the seal gap 
and rests on the shaft. Such a seal design is described 
in European Patent Application EP 0,391,676. As de- 
scribed the seal elements, comprising the resilient strips ss 
in this type of seal are axially stiff and do not tend to 
bend in the axial, sealing, direction. This type of seal 
thereby alleviates some of the problems described 



above in relation to brush seals. 

[0007] In EP 0,391,676 the resilient strips are de- 
scribed as being packed essentially solidly. This will pre- 
vent or restrict the radial movement of the strips. Con- 
sequently the seal described is also stiff in a radial di- 
rection. Problems can therefore occur during radial ex- 
cursions of the shaft into the strips. The radial stiffness 
of the seal reacts against the radial movement of the 
shaft, causing high tip loads and increased wear of the 
strips. 

[0008] It is therefore desirable to provide an improved 
seal design that alleviates the above problems and/or 
offers improvements generally. 

[0009] According to the present invention there is pro- 
vided a seal arrangement for effecting a seal between 
two components to inhibit a flow of fluid, between the 
two components, in a sealing direction from an up- 
stream side of the seal to a downstream side of the seal, 
the downstream side of the seat arranged in use to be 
at a lower pressure than the upstream side of the seal, 
the seal comprising a carrier adapted for mounting from 
one of the components, and a plurality of densely 
packed resilient strips mounted on the carrier to extend 
therefrom, each strip having a tip which is adapted to 
wipe on the other component to effect a seal therea- 
gainst in the sealing direction, the strips arranged sub- 
stantially parallel to the sealing direction, 

characterised in that there is provided a gap be- 
tween adjacent strips, at least at the tip portions of the 
strips, to allow the tip portions of the strips to move rel- 
ative to each other and so maintain in operation a flex- 
ible seal. 

[001 0] By providing a small discrete gap between the 
individual strips of the seal at the point where the strips 
touch the shaft the strips can move relative to each oth- 
er. A degree of radial movement of the shaft into the seal 
can thereby be accommodated by movement of the 
strips without the seal becoming effectively solid. 
[0011] The seal is also straightforward to manufacture 
and is relatively cheap to produce. 
[0012] Preferably one component is a rotatable shaft 
and the other component is a stationary housing. 
[001 3] Preferably the strips are tapered such that the 
thickness at the tip of each strip which is arranged to 
wipe against the other component is less than the thick- 
ness at the end portion of the strips that is mounted on 
the carrier. 

[0014] Furthermore along the length of each strip, to- 
ward its tip, there may be a step change reduction in the 
thickness of the strip. The thickness of each strip may 
preferably be reduced in a series of steps along the 
length of the strip towards its tip. 

[0015] A spacer strip may be interposed between ad- 
jacent strips there may be provided a spacer strip, the 
spacer strip extends from the carrier and is of a shorter 
length than the strips thereby providing a gap between 
the tips of the strips. 

[0016] Preferably when viewed in the sealing direc- 
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tion the strips extend from the carrier at an angle to a 
direction perpendicular to the carrier. 
[001 7] The strip may be bent part way along its length 
such that the strip is divided into two portions, a first por- 
tion that is mounted on and extends from the carrier, and 5 
a second portion which extends from the first portion and 
is arranged to wipe against the other component, the 
second portion extending at an angle to the first portion. 
Furthermore the strips may be bent at a plurality of po- 
sitions along their length such that the strips are divided 
into a plurality of portions, each portion extending at a 
different angle to the other portion of the strip. The strips 
may be curved in the direction of the length of the strips 
extending from the carrier to the tips of the strips that 
are arranged to wipe against the other component. 
[0018] Bending, or curving the individual strips of the 
seal provides an improved method of ensuring that there 
is a gap between individual strips whilst allowing the 
strips to abut each other at the other end. By abutting 
the seal at one end, where a gap between strips is not 
needed, the overall leakage through the seal is reduced. 
Bending of the strips to control the gap between strips 
is also simpler to manufacture than radially tapering the 
thickness of the strips. The individual strips, since they 
abut at one end, can also be simply and easily assem- 
bled and fixed in position by welding or other means. 
[0019] Preferably the strips are mounted with the 
width of the strips at an angle to the sealing direction of 
the seal. 

[0020] The seal may be provided with a damper which 
acts on the strips to damp relative movement of the tips 
of the strips which are arranged to wipe against the other 
component. Preferably the damper comprises a front 
skirt and back skirt which extend from the carrier on op- 
posite sides of the strips, the front and back skirts are 
separated from the edges of the strips by a gap and en- 
close a substantial portion of the strips therebetween 
such that, in use, viscous damping of the strips is pro- 
duced. The damper may comprise at least one finger 
member that extends from the carrier, the tip of the finger 
member touches and is urged against one of the edges 
of a plurality of the strips part way along the length of 
the strips. The damper may comprise a damping mem- 
ber which is suspended from the carrier by a plurality of 
wires and rests against one edge of a plurality of the 
strips part way along the length of the strips, the damp- 
ing member adapted in use to be urged against the edge 
of the strips by a leakage flow though the seal. 
[0021] Furthermore the seal may also comprise a sec- 
ond plurality of densely packed resilient strips arranged 
substantially parallel to the sealing direction and mount- 
ed on the carrier to extend therefrom, with the tips of 
each strip adapted to wipe on the other component to 
effect a further seal thereagainst, the second plurality of 
strips mounted, in a sealing direction, in flow series re- 
lationship with the first plurality of strips. 
[0022] The second plurality of strips may be arranged 
such that when viewed in a sealing direction the gaps 



between adjacent strips are substantially obscured by 
the strips of the second plurality of strips. 
[0023] Preferably the gap between adjacent strips is 
less than 20% the thickness of the individual strips. 
[0024] Preferably the seal is adapted for use in a gas 
turbine engine. 

[0025] The present invention will now be described by 
way of example with reference to the following figures 
in which: 

Figure 1 is a vertical section through a seal assem- 
bly utilising a seal according to the present inven- 
tion; 

Figure 2 is a part axial end view of the strips of the 
seal shown in figure 1 ; 

Figure 3 is view similar to that shown in figure 2 but 

of a alternative embodiment of the seal; 

Figure 4 is a further view similar to that shown in 

figure 2 of a further embodiment of the seal; 

Figure 5a, 5b, and 5c are views similar to that of 

figure 2 but on further alternative embodiment of the 

seal; 

Figure 6a and b are views on arrow A shown in fig- 
ure 1 of further alternative embodiments of the seal; 
Figure 7a,b,c show further sections through further 
embodiments of seals incorporating the invention; 
Figure 8 shows a section through a compound seal 
assembly incorporating seal elements according to 
the present invention: 

Figure 8a is a more detailed end view of part of the 
seal assembly shown in figure 9 illustrating the ar- 
rangement of the strips; 

Figure 9 is a view similar to that of figures 5a,5b,5c 
but of a outward facing embodiment of the seal. 

[0026] Figure 1 shows a seal assembly for sealing a 
clearance gap C between a shaft 2, rotating about an 
axis 3, and a stationary housing 4, such as may be found 
in, for example, a gas turbine engine. The seal assembly 
prevents or restricts a flow of fluid, for example high 
pressure air, in a sealing direction (shown by arrow 22) 
from a region 24 of relatively high pressure to a region 
26 of lower pressure. The shaft 2 rotates within a inner 
bore in a housing 4 through which the shaft 2 extends. 
The seal assembly comprises a plurality of relatively thin 
resilient seal strips 6 which are sandwiched between a 
carrier 13 comprising an annular front plate 8 and an 
annular backplate 10. The strips 6, front plate 8 and 
backplate 10 may all welded together around an outer 
circumference to form a seal unit 12. Alternatively they 
can be retained together by other means. The seal unit 
12 is mounted within a counter bore 14, in the housing 
4, by a circlip 16 which is sprung into a groove 18 within 
the housing 4. It will be appreciated though that the seal 
unit could be retained by other means which may also 
be incorporated with the means for retaining the front 
plate 8, backplate 1 0, and strips 6 together as a seal unit 
12. 
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[0027] The seal strips 6 are densely packed around 
the circumference of the shaft 2 and extend in a gener- 
ally radial direction such that their free distil ends 20 
wipe against the outer circumference of the shaft 2, as 
is shown in figure 2. As will be appreciated from figure 5 
2 the strips 6 extend at an angle 6 to the true radial di- 
rection 28 of the seal such that they trail the direction of 
rotation (shown by arrow X)of the shaft 2. Typically an 
angle 0 between 20° and 70° is used. However they can 
extend radially (i.e. at an angle of 0°) or at any other to 
angle. The seal strips 6 are arranged edge on within the 
seal assembly such that the width W of the strip 6 lies 
generally in the sealing direction 22. As shown in figure 
1 the sealing direction 22 in the embodiment shown is 
generally parallel to the axis 3 of the shaft 2 and sea!, is 
The width W of the strip 6 is greater than the thickness 
t of the strip 6 in order to provide adequate stiffness in 
the sealing (axial) direction 22. Consequently the strips 
6 exhibit a high degree of resistance to bending in the 
seal direction 22 alleviating some of the problems found 20 
in brush seals caused by bending of the bristles against 
the backing members. 

[0028] The thickness t of the strips 6 is similar to the 
bristle diameter in a brush seal. Typically this about 
0.5mm. The strips 6 are also made from similar materi- 25 
als as are used to make the bristles in brush seals. Typ- 
ically the strips 6 are made from stainless steel or other 
high temperature materials such as for example Haynes 
25, INCO 718 or Nimonic. 

[0029] As shown in figure 6a each strip 6 is essentially 30 
flat and planar and lies with its plane parallel to the seal- 
ing direction 22. However each strip 6 could lie with its 
plane at an angle p to the sealing direction 22 as shown 
in figure 6b. Yet another possibility is for each strip 6 to 
be curved across its width W, although this is not shown. 35 
[0030] As described above the seal is generally sim- 
ilar to the seal described in EP 0,391,676. However as 
shown in figure 2 at the point where the strips 6 wipe 
against the shaft 2 the strips 6 are separated from each 
other by a small discrete gap 30. This gap allows a de- 40 
gree of circumferential movement and bending of the 
strips 6 before they abut each other and produce an ef- 
fectively solid seal. The seal is therefore compliant and 
resilient in a radial direction whilst being relatively stiff 
in a sealing (axial) direction 22. Circumferential move- *s 
ment of the strips 6 reduces the effective radial length 
thereof and moves the tip 20 of the strip 6 radially out- 
wards. Consequently by circumferential bending of the 
strips 6 the seal can accommodate a degree of relative 
radial movement of the shaft 2 without becoming effec- so 
tively solid. This can be contrasted with the seal de- 
scribed in EP 0,391 ,676 where the strips are packed es- 
sentially solidly and there are no interstices between ad- 
jacent strips, resulting a radially stiff seal that cannot ac- 
commodate relative radial movement of the shaft with- ss 
out considerable tip loads and wear of the strips. 
[0031] Radial movement of the shaft 2 relative to the 
housing 4 and the seal can occur in particular when such 
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seals are used within gas turbine engines. The relative 
movement of the shaft 2 can be caused by a number of 
factors including for example thermal growth of the shaft 
2, slight eccentricities in mounting and aligning of the 
shaft 2 relative to the housing 4 causing the shaft 2 to 
orbit, and uneven transient loading of the shaft 2. 
[0032] The gap 30 between adjacent strips 6 is sized 
to accommodate the expected relative radial movement 
of the shaft 2 such that the strips 6 are free to move 
circumferential ly, in response to the expected radial 
movement of the shaft 2, without the tips 20 of the strips 
6 which wipe against the shaft 2 abutting each other. 
However to minimise leakage through these inter strip 
gaps 30 it is important that the inter strip gaps are not 
excessive, or greater than the minimum required. Typi- 
cally for use in gas turbine engines the size of the gap 
30 is approximately less than 20% of the thickness t of 
the strips 6. 

[0033] The required gap 30 between adjacent strips 
6 can be provided by a number of alternative arrange- 
ments. As shown in figure 2 the gap 30 between the tips 
20 of adjacent strips 6 is achieved by reducing the thick- 
ness t of the radially inner ends 32 of the strips 6. The 
thickness t of the strips 6 being reduced by for example 
etching the end portions 32 of the strips 6 in a suitable 
etchant to remove a portion of material from the end por- 
tion 32 of the strip 6. The thickness t of the strip 6 could 
however be reduced gradually in stages as shown in fig- 
ure 3. A yet further possibility (not shown) is to gradually 
taper the rtrip 6 in a radial direction. 
[0034] Another arrangement for providing a gap 30 
between adjacent strips 6 is shown in figure 4. In this 
arrangement individual strips 6d of a substantially con- 
stant thickness are separated from each other by spac- 
ing strips 7. The spacing strips 7 are of a shorter radial 
length and extend from the housing 4. The free ends of 
the spacing strips end radially part way along the length 
of the strips 6d. Successive strips 6d are therefore sep- 
arated from each other by the thickness t-, of the spacing 
strips 7, thereby providing a gap 30 between the tips 20 
of the strips 6d. Although only one spacing strip 7 has 
been shown in figure 4 it will be appreciated that multiple 
spacing strips 7 of varying radial length could be used 
between successive seal strips 6d. The effective gap 30 
provided between the strips 6d being similar to that 
shown in figure 3. 

[0035] In the above described arrangements the radi- 
ally outer portions 36 of the strips 6, which are attached 
to the housing via the front plate 8 and backplate 10, 
abut circumf erentially. The outer portions 36 of the strips 
6 are therefore densely packed, essentially solidly in this 
radially outer region. This ensures that the strips 6 are 
aligned and positioned within the seal. It also simplifies 
the manufacture of the seal allowing the strips 6 to be 
easily welded together. Furthermore since there is no 
gap between the outer portions 36 of the strips 6 in this 
region, leakage through the seal, between the strips 6 
is reduced. 
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[0036] It will be appreciated that at the outer radius of 
the seal the circumference is greater than the circum- 
ference of the shaft 2. Consequently since the strips 6 
extend radially the tapering of the strips 6 required to 
produce a gap 30 at the tips 20 of the strips 6 should 5 
take into account the reduction in circumferential space 
available between the outer and inner radii. If the taper- 
ing is not sufficient then any gap 30 between strips 6 
would tend to close up and reduce towards the radially 
inner end. It being essential according to the invention 
that a sufficient gap 30 is provided at the tips 20 of the 
strips 6. Preferably the tapering should be such that the 
gap 30 increases towards the tip 20 of the strips 6, as 
shown in figure 3. The most space being required at the 
tips 20 of the strips 6 to allow a given degree of circum- 
ferential movement of the strips 6. 
[0037] A further embodiment is shown in figure 5a. 
The seal is generally similar to the above described 
seals except that the plurality of radially extending strips 
6b which comprise the seal are bent part way along their 
radial length. The general arrangement of this seal will 
therefore not be described further. The bent strips 6b 
extend from the carrier 1 3 and housing 4 such that a first 
portion 38 of the strip is at a first angle ccto the true radius 
28 of the seal, whilst a second portion 40 of the strip 6b 
is at a second angle y to the true radius 28 of the seal. 
The first portion 38 of the strips 6b abut each other and 
ensure that the strips 6b are correctly aligned and allow 
simple assembly of the seal. This is similar to the way 
that the radially outer portions 36 of the tapered strips 6 
are arranged. The strips 6b are arranged within the seal 
such that the point of inflection 42 of each of the strips 
6b lies on a circle concentric 44 with the seal. By this 
arrangement the point of inflection 42 of each strip 6b is 
overlapped by the first portion 38 of an adjacent strip 6b 
thereby providing a small discrete gap 30 between suc- 
cessive strips 6b. 

[0038] A variation on the arrangement shown in figure 
5a is shown in figure 5b. In this arrangement each of the 
individual strips 6c making up the seal is bent at a 
number of inflection points 44a,44b,44c along its length 
to produce a multi-bend strip 6c. These multi-bend strips 
6c are assembled in a similar way to the single bend 
strip 6b arrangement described above, such that the 
points of inflection 44a,44b,44c of the strips 6c lie on a 
series of concentric circles 46a,46b,46c about the seal, 
with each adjacent strip 6c slightly overlapping each 
point of inflection 44a,44b,44c of a previous strip 6c. Dif- 
ferent portions 48,50,52,54 of the strips 6c extend from 
the housing at different angles 5,A.,<t>,v to the true radius 
28 of the seal. A small discrete gap 30 between succes- 
sive strips 6c is thereby provided allowing the tips 20 of 
the strips 6c to move circumferentially to accommodate 
any radial movement of the shaft 2 into the seal. 
[0039] An advantage of this multi-bend arrangement 
is that the gap 30 between the strips 6c can be more 
accurately controlled and varied along the length of the 
strip 6c. The size of the gap 30 and its variation along 



the length of the strips 6c being determined by the 
number of bends 44a, 44b, 44c in the strips 6c and the 
bend angle 5,M,v. The gap 30 can therefore be mini- 
mised along the length of the strips 6c, reducing leakage 
through the seal whilst still providing sufficient space, 
particularly at the tip 20, for the strips 6c to move. It will 
be appreciated that the size of the gap 30 required to 
allow the strips 6c to move the required degree varies 
along the length of the strips 6c. A larger gap 30 being 
required between the radially inner ends of the strips 6c 
than is required at the radially outer ends to allow the 
same degree of movement of the strips 6c. 
[0040] It will be appreciated that the multi-bend ar- 
rangement can be further developed and improved by 
using radially curved strips of for example circular, ellip- 
soid or parabolic shape as shown in figure 5c. The exact 
shape of the strips being determined by the shape and 
size of the gap required to allow the desired movement 
of the strips. The use of such curved strips allows even 
greater control of the size of the gap between strips over 
the length of. the strip. Leakage through the seal can 
therefore be further minimised. 

[0041] The above described seals have a leakage 
flow rate that is dictated by the inter strip gap 30. To re- 
duce this leakage flow rate without altering the inter strip 
gap 30 two seal elements 56,58 can be used in tandem, 
one behind the other, in the sealing direction 22 as 
shown in figure 8. Each of the two seal elements 56,58 
comprises a similar arrangement of radially extending 
strips 6 which circumferentially surround the shaft 2. The 
downstream seal element 58 is separated from the up- 
stream seal element 56 by a small clearance 60. The 
strips 6 in each element 56,58 are therefore free to move 
independently. The downstream element 58 is also ro-. 
tated a small degree such that the seal strips 6 of the 
downstream seal element 58 overlap the gap 30 be- 
tween adjacent strips 6 of the upstream seal element 56 
when viewed in the sealing(in this embodiment axial) di- 
rection 22. This is shown in figure 9a where the phantom 
lines indicate the position of the strips 6 of the down- 
stream seal element 58. By this arrangement the leak- 
age flow, in the sealing direction 22, through the inter 
strip gaps 30 of the upstream seal element 56 is 
blocked, or at least impaired, by the strips 6 of the down- 
stream seal element 58. This results in a reduced leak- 
age flow through the compound seal and therefore im- 
proved seal performance. 

[0042] Since according to the invention the strips 
6,6a,6b,6c,6d are separated from each other by a dis- 
crete gap 30 they are free to move. This can give rise 
to, or exacerbate, vibration or flutter of the strips 6,6a, 
6b,6c,6d. Such vibration or flutter is undesirable since 
it can overtime cause damage to the strips 6,6a,6b,6c, 
6d. Consequently it may be necessary to provide the 
seal with means to damp or reduce the vibration or flutter 
of the strips 6,6a,6b,6c,6d. 

[0043] Referring to figure 7a one method is to config- 
ure the front 8' and back plate 10' of the seal such that 
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they extend over the majority of the radial length of the 
strips 6. The front 8' and back plate 10* are spaced from 
the strips 6 by only a small gap 62. The front 8' and back 
plate 10' thereby form skirts which enclose a significant 
part of the strips 6 allowing viscous effects of the narrow 
inter strip gaps 30 to dampen any vibration or flutter. 
[0044] Extended front 8' and back 10' plates, which 
extend to near the other component 2, also improve the 
seal performance since the plates 8\ 1 0' provide a phys- 
ical barrier to the leakage flow, further restricting leak- 
age through the seal. In addition the plates 8',10' also 
help prevent dirt or other material from being entrained 
into the seal and possibly clogging the inter strip gaps 
30. For these reasons such extended front and back 
plates 8\10' may accordingly be used in other embodi- 
ments of the invention. 

[0045] If further damping is required then a split skirt 
damper (figure 7b) or ring damper (figure 7c) arrange- 
ment can be used A split skirt damper, as shown in fig- 
ure 7b, comprises a number of radially extending fingers 
64 which are sprung such that the distil end 66 of the 
each finger 64 abuts and presses against the upstream 
front edge 68 of a number of the seal strips 6 of the seal. 
The friction between the end of the fingers 66 and the 
edges of the strips 68 will tend to damp the vibration and 
flutter of the strips 6. The fingers 64 also tend to partially 
link the strips 6 together since the fingers 64 contact a 
number of adjacent strips 6. 

[0046] A ring damper is shown in figure 7b and com- 
prises a ring 70 which is loosely mounted concentrically 
with the shaft 2 by a number of wires 72 such that it rests 
against the upstream edge 68 of the strips 6. The ring 
70 is pressed against the edges 68 of the strips 6 by the 
leakage flow of fluid in the sealing direction 22 and the 
pressure differential, between the upstream pressure 24 
and downstream pressure 26, across the seal. It thereby 
damps any vibration in a similar way to the split skirt 
damper. 

[0047] Although the seal arrangement has been de- 
scribed in the above embodiments for sealing a clear- 
ance C between a rotating shaft 2 and a housing 4 it will 
be appreciated that the concept can be applied more 
generally. Indeed the invention can be applied to linear 
seals. The strips 6f may also be attached to the rotating 
component 2 rather than the stationary component 4 
such that the strips 6f rotate. The strips 6f can also be 
arranged to be outward facing, as shown in figure 9, 
such that they are fixed at their radially inner ends 72 
with the radially outer ends 74 of the strips 6f wiping 
against the other component 4. As with the radially in- 
wardly facing arrangement the curved strips 6f produce 
an inter strip gap 30 at their free distil ends 74. It will 
also be appreciated that the other arrangements., for ex- 
ample bent or tapered strips 6 described and shown in 
the other figures, could be used to produce an inter strip 
gap 30 between the free ends 74 of the strips in an out- 
ward facing configuration. In these arrangements 
though the free ends 74 of the strips 6f, and inter strip 



gaps 30, are at the radially outer ends 74 of the strips 6f . 
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1. A seal for effecting a seal between two components 
(2,4) to inhibit a flow of fluid, between the two com-" 
ponents (2,4), in a sealing direction (22) from an up- 
stream side (24) of the seal to a downstream side 

10 (26) of the seal, the downstream side (26) of the 
seal arranged in use to be at a lower pressure than 
the upstream side (24) of the seal, the seal compris- 
ing a carrier (.12) adapted for mounting from one of 
the components (4), and a plurality of densely 

is packed resilient strips (6) mounted on the carrier 
(12) to extend therefrom, each strip (6) having a tip 
(20) which is adapted to wipe on the other compo- 
nent (2) to effect a seal thereagainst in the sealing 
direction (22), the strips (6) arranged substantially 

20 parallel to the sealing direction (22), 

characterised in that there is provided a gap 
(30) between adjacent strips (6), at least at the tip 
portions of the strips (6), to allow the tip portions 
(20) of the strips (6) to move relative to each other 

25 and so maintain in operation a flexible seal. 

2. A seal as claimed in claim 1 in which one compo- 
nent (2) is a rotatable shaft and the other compo- 
nent (4) is a stationary housing. 

30 

3. A seal as claimed in claim 1 or 2 in which the strips 
(6) are tapered such that the thickness (t) at the tip 
(20) of each strip (6) which is arranged to wipe 
against the other component (2) is less than the 

35 thickness (t) at the end portion of the strip (6) that 
is mounted on the carrier (12). 

4. A seal as claimed in any preceding claim in which 
along the length of each strip (6), toward its tip (20), 

40 there is a step change reduction in the thickness (t) 
of the strip (6). 

5. A seal as claimed in claim 4 in which the thickness 
(t) of each strip (6) is reduced in a series of steps 

45 along the length of the strip (6) towards its tip (20). 

6. A seal as claimed in any preceding claim in which 
a spacer strip (7) is interposed between adjacent 
strips (6d), the spacer strip (7) extends from the car- 

so rier (12) and is of a shorter length than the strips 
(6a) thereby providing a gap (30) between the tips 
(20) of the strips (6d). 

7. A seal as claimed in any preceding claim in which 
55 when viewed in the sealing direction (22) the strips 

(6) extend from the carrier (12) at an angle to a di- 
rection perpendicular to the carrier. 
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8. A seal as claimed in any preceding claim in which 
the strip (66) is bent part way along its length such 
that the strip is divided into two portions (38,40), a 
first portion (38) that is mounted on and extends 
from the carrier (12), and a^ second portion (40) 
which extends from the first portion (38) and is ar- 
ranged to wipe against the other component (2), the 
second portion (40) extending at an angle to the first 
portion (38). 

9. A seal as claimed in claim 8 in which the strips (6c) 
are bent at a plurality of positions (44a,44b,44c) 
along their length such that the strips (6c) are divid- 
ed into a plurality of portions (48,50,52,54), each 
portion (48,50,52,54) extending at a different angle 
to the other portion of the strip (6c). 

10. A seal as claimed in any preceding claim in which 
the strips (6e) are curved in the direction of the 
length of the strips (6e) extending from the carrier 
(12) to the tips (20) of the strips (6e) that are ar- 
ranged to wipe against the other component (20). 

11. A seal as claimed in any preceding claim in which 
the strips (6) are mounted with the width (w) of the 
strips (6) at an angle (p) to the sealing direction (22) 
of the seal. 

12. A seal as claimed in any preceding claim in which 
there is provided a damper (8\ 64,72) which acts on 
the st rips. (6) to damp relative movement of the tips 
(20) of the strips (6) which are arranged to wipe 
against the other component (2). 

13. A seal as claimed in claim 12 in which the damper 
comprises a Iront skirt (& % ) and back skirt (10) which 
extend from the carrier (1 2) on opposite sides of the 
strips (6), the front (8')and back (10') skirts are sep- 
arated from the edges of the strips by a gap (62) 
and enclose a substantial portion of the strips (6) 
therebetween such that, in use, viscous damping of 
the strips (6) is produced. 



16. A seal as claimed in any preceding claim in which 
there is a second plurality (58) of densely packed 
resilient strips (6) arranged substantially parallel to 
the sealing direction (22) and mounted on the car- 

s rier (12) to extend therefrom, with the tips (20) of 

each strip (6) adapted to wipe on the other compo- 
nent (2) to effect a further seal thereagainst, the 
second plurality (58) of strips (6) mounted, in a seal- 
ing direction (22), in flow series relationship with the 
* 10 first plurality of strips (58). 

17. A seal as claimed in claim 16 in which the second 
plurality (58) of strips are arranged such that when 
viewed in a sealing direction (22) the gaps (30) be- 

is tween adjacent strips (6) are substantially obscured 
by the strips (6) of the second plurality (58) of strips. 

18. A seal as claimed in any preceding claim in which 
the gap (30) between adjacent strips is less than 

20 20% the thickness (t) of the individual strips (6). 

19. A seal as claimed in any preceding claim which is 
adapted for use in a gas turbine engine. 



30 



35 
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14. A seal as claimed in claim 12 in which the damper 
(64) comprises at least one finger member that ex- 45 
tends from the carrier, the tip (66) of the finger mem- 
ber touches and is urged against one of the edges 
(68) of a plurality of the strips (6) part way along the 
length of the strips (6). 

so 

15. A seal as claimed in claim 12 in which the damper 
(72) comprises a damping member (70) which is 
suspended from the carrier by a plurality of wires 
and rests against one edge (68) of a plurality of the 
strips (6) part way along the length of the strips (6), ss 
the damping member adapted in use to be urged 
against the edge of the strips by a leakage flow 
though the seal. 
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(57) A seal for effecting a seal between two compo- 
nents (2,4) to inhibit a flow of fluid, between the two com- 
ponents, in a sealing direction (22) from an upstream 
side (24) of the seal to a downstream side (26) of the 
seal. The downstream side (26) of the seal in use being 
at a lower pressure than the upstream side (26) of the 
seal. The seal comprising a carrier (12) adapted for 
mounting from one of the components (4), and a plurality 
of densely packed resilient strips (6) mounted on the 
carrier (1 2) to extend therefrom. Each strip (6) having a 



tip (20) which is adapted to wipe on the other component 
. (2) to effect a seal thereagainst in the sealing direction 
(22) with the strips (6) arranged substantially parallel to 
the sealing direction (22). The seal being characterised 
in that there is provided a gap (30) between adjacent 
strips to allow the tip portions (20) ol the strips (6) to 
move relative to each other and maintain in use a flexible 
seal. In order to provide the gap between strips the strips 
can be tapered, bent, or curved. Alternatively a spacer 
strip 7 may provided between strips 6. 



CO 
< 

CD 
LO 

CO 
CO 

o> 

O 

Q. 
LU 



Fig.Sa. 




Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP. 



_0933567A3_I_> 



EP 0 933 567 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 0090 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



8 
3 



Citation of document with indication, where appropriate. 
of relevant passages 



GB 2 021 209 A { ROLLS-ROYCE LTD) 
28 November 1979 (1979-11-28) 

* abstract; figure 3 * 

* page 1, line 104 - line 125 * 

US 5 031 922 A (HEYDRICH) 
16 July 1991 (1991-07-16) 

* column 3, line 8 - line 65; figures * 

US 5 108 116 A (JOHNSON ET AL. ) 
28 April 1992 (1992-04-28) 

* abstract; figures * 



The present search report has been drawn up for all claims 



Place ot search 

THE HAGUE 



Date cl completion ot Ihe search 

10 December 1999 



Relevant 
tc claim 



1-3,7 



1-3 



1,8,9 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant it comoined with another 

document ot the $am» category 
A : technological background 
O : non- written disclosure 
P intermediate document 



CLASSIFICATION OF THE 
APPLICATION <lntXI-6) 



F16J15/32 



TECHNICAL FIELDS 
SEARCHED (int.Cl.6) 



F16J 



Narminio, A 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member ot the same potent tamily. corresponding 
document 



BNSDOCID: <EP 0933567A3_I_> 



2 



EP 0 933 567 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 0090 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP tile on . 1 

The European Patent Office is in no way liable for these particulars which are merely given for me purpose of information. 

10-12-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


GB 2021209 A 


28-11-1979 


NONE 




US 5031922 A 


16-07-1991 


NONE 




US 5108116 A 


28-04-1992 


NONE 





tu For more details about this annex : see Official Journal of trie European Patent Office. No. 12/82 



BNSDOCID: <EP 0933 567 A3 J _> 



I 



THIS PAGE BLANK (USPTO) 



